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ABSTRACT

The aim of this study was to evaluate the effect of edible coating on hydroponic strawberry during storage.
Strawberries were coated with either 1% or 1.5% chitosan (CS) or with solution containing 1.5% chitosan and
0.5% calcium gluconate (CaGlu). After treatment, samples were stored at 10 8C, RH 90% for 10 days. The
weight loss, soluble solid content, firmness, surface color, pH, and percentage of decay were evaluated each
day during the experiment. It was observed that coating extended the postharvest life of hydroponic straw-
berry compared to control. Fungal growth occurred on control group at the 5th day and fruit treated with 1%
CS at the 8th day of the storage period, whereas no visible sign was detected for other treatments. Soluble solid
content and pH showed only minor change for all samples. Weight loss of coated fruit was below 6% after 10
days of storage, whereas the weight loss of control samples was around 10% at the end of measurement.
Moreover, coating could maintain the firmness of strawberry compared to the control. The combination of
chitosan and calcium gluconate showed the potential for prolonging the storage period of hydroponic
strawberry till 10 days without decay, whereas the control sample had more than 60% of rotted fruit.
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INTRODUCTION

Nowadays, fruit market is in high demand, thus maintaining quality of fruit including nutrition,
microbial safety, and specific characteristics during storage are necessary. In order to meet the
market requirements, many technologies have been applied to prolong the postharvest life of
fruit including chemical treatment (Nguyen et al., 2020a, Baranyai et al., 2020), edible coating
(Hazarika et al., 2019), radiation treatment (Jesus Filho et al., 2018), modified atmosphere
packaging (Rux et al., 2016), ethylene absorber (Nguyen et al., 2018), moisture absorber (Nguyen
et al., 2020b).

Among these technologies, edible coating is one of the promising techniques in maintaining
fresh quality of fruit and vegetable (Bautista-Ba~nos et al., 2006). Application of chitosan as an
edible coating is widely used in prolonging the shelf life of fruits and vegetables due to its
nontoxic, biodegradable, and biocompatible properties (Duan et al., 2019). Chitosan-based
coating has been applied successfully to preserve fresh attributes for strawberry (Hern�andez-
Mu~noz et al., 2008), fig (Adiletta et al., 2019), citrus, apples, tomatoes, and cucumbers (Duan
et al., 2019). Hern�andez-Mu~noz et al. (2008) found that the combination of chitosan and cal-
cium gluconate was able to improve the safety and quality of strawberry compared to chitosan
alone.

Strawberry is one of the most favorite fruit due to its attractive color and taste. In addition,
berry contains many valuable bioactive compounds (Dalmadi et al., 2007). However, this pro-
duce easily deteriorates after harvest with symptoms including desiccation, bruising, and rots
(Hern�andez-Mu~noz et al., 2008). The fungal decay occurring commonly throughout postharvest
storage causes high loss of value on the market (Hern�andez-Mu~noz et al., 2008).

Most studies were conducted to extend the postharvest life of strawberry planted in soil,
however, report about hydroponic strawberry is still limited. Recently, cultivation of strawberry
using hydroponic method becomes popular in Vietnam. In this context, we carried out the
experiment to evaluate the effect of edible coating chitosan or chitosan-calcium gluconate on
postharvest life of hydroponic strawberry stored at 10 8C for 10 days.

MATERIALS AND METHODS

Material

Hydroponic strawberries (Fragaria vesca L.) were harvested from a Big Bear orchard in Lam
Dong Province, Vietnam. Fruit was transported to the laboratory (Ho Chi Minh City, Vietnam)
in a refrigerated van and treatments were applied within 24 h of harvest. Fruit temperature is 10
± 1.0 8C before treatment and during cold storage.

Chitosan (molecular weight of about 120 kDa and 80% deacetylation degree) was provided
by Nha Trang University (Nha Trang City, Vietnam). Calcium gluconate was provided by
Vadhani Ind Estate (Mumbai, India).

142 Progress in Agricultural Engineering Sciences 16 (2020) S2, 141–151

Brought to you by MTA Könyvtár és Információs Központ olvasók | Unauthenticated | Downloaded 10/04/22 04:14 PM UTC



Coating formulation

Acetic acid solution of 1% was prepared.
Chitosan solution was prepared by dissolving 1% or 1.5% chitosan in 1% acetic acid solution.
The preparation of coating formulation containing 1.5% chitosan and 0.5% calcium gluco-

nate was followed Hern�andez-Mu~noz et al. (2008). Firstly, calcium salt at 0.5% was dissolved in
water prior to the incorporation of the acetic acid, and then chitosan was added.

Sample treatments

Strawberry was selected for experiments based on size, shape, red surface color (2/3 of fruit) and
freedom from external damage and fungal infection. Samples were randomly divided into 4
groups including 3 treated groups and one control.

Three groups were immersed for 30 s in 1% CS, 1.5% CS or 1.5% CS-CaGlu, respectively. After
treatment, fruit was dried at room temperature for 2 h. All samples were packed in plastic bags
with 8 holes of 6 mm diameter. There were 30 bags per group and 10 berries per bag. All groups
were stored at cold temperature (10 ± 1 8C, RH 90%). Uncoated sample served as control.

Measurements

Measurements were carried out on day 0 (just after coating and air drying) and each day during
storage period. Three packages from each group were removed from chamber each day for
analysis of weight loss, firmness, total soluble solid, pH, external color, and visual quality during
storage period.

Weight loss. The difference between initial (day 0) and each interval was considered as total
weight loss during that interval and calculated as percentages of the fresh weight (Hern�andez-
Mu~noz et al., 2008).

Surface color. External color of strawberry was measured with a portable Minolta Chroma
Meter CR-400 (Minolta Corporation, Osaka, Japan). Standard CIE Lp, ap, bp color character-
istics were determined at 3 points on each fruit surface. The hue angle and chroma were
calculated based on bp and ap values (Hern�andez-Mu~noz et al., 2008).

Firmness. Firmness of hydroponic strawberry was measured using a penetrometer (Fruit
Texture Analyzer, TR Turoni – Italy) with a probe (cylindrical flat bottom and the diameter of 5
mm). The firmness was defined as the maximum force used to penetrate to a depth of 7 mm in
the fruit shoulder zone. Data were collected from 30 strawberries and expressed in newton (N)
(Yan et al., 2019).

Total soluble solid content. Soluble solid content of strawberry (TSC, %) was determined by a
hand-held refractometer (Yieryi THE01505, Guangdong, China) using freshly squeezed liquid
according to Hitka et al. (2014).

pH

Six grams of strawberry were homogenized, suspended in 100 mL of distilled water and then
filtered. After that, the pH of filtrate was measured by a hand-held pH meter (Testo 206-pH1)
according to Hern�andez-Mu~noz et al. (2008).
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Fungal decay

Decay was evaluated by visual evaluation as fungal mycelia appeared on fruit surface and
calculated as the number of decayed samples divided by initial number of samples multiplied by
100 (Hern�andez-Mu~noz et al., 2008).

Statistical analysis

All data were processed by R version 4.0.1 (The R Foundation for Statistical Computing, Vienna,
Austria) and RStudio version 1.3.959 (RStudio, Boston, US) using Pearson correlation analysis
and analysis of variance (ANOVA) followed by TukeyHSD method with significance level of P <
0.05. Effect of factors (coating and storage time) was compared using ANOVA F values. The
results on figures were reported as mean with standard deviation.

RESULTS AND DISCUSSION

Fungal decay

Strawberry is mainly consumed as fresh produce, however, it has a short postharvest life due to
high softening rate and susceptibility to microbial decay (Yan et al., 2019). The quality of berry
decreases rapidly and loses the marketability after harvest within few days. In this work, coating
preserved strawberry quality compared to the control. Fig. 1 showed the decay percentage of
different groups during storage.

Microbial development occurred on control group at the 5th day of the storage period
whereas the early signs of decay appeared at the 8th day in 1% chitosan treated fruit. No visible
sign of decay was detected for samples coated with 1.5% CS or CS-CaGlu during the storage.
Coating obtained the positive results in delaying microbial growth. At the end of experiment,

Fig. 1. Decay percentage of strawberry during storage
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control fruit had above 60% of decay, whereas, fruit treated with 1% CS was around 10%. There
was no difference among group treated with 1.5% CS and CS–CaGlu. Our results showed that
the CS treatment declined the decay of strawberry during 10 days of storage, coincided with the
previous report (Hern�andez-Mu~noz et al., 2008).

Weight loss

Weight loss of all samples occurred as the storage time increased (Fig. 2). The weight loss of
control sample rose significantly during storage, whereas weight loss of treated fruit increased
gradually. At the end of experiment, weight loss was around 10% for control sample, and 5% for
fruit treated with 1% CS.

The weight loss of control was much higher during the experiment compared to treated
groups. The greatest change of strawberry quality over storage was in weight loss. The weight
loss of berry was influenced by coating. There was a significant difference in weight loss between
coated sample and control (P < 0.001). Generally, weight loss of sample treated with 1.5% CS
was lower than the maximum acceptance of approximately 3% for berry (Nunes & Emond,
2007), whereas the weight loss of control and 1% CS treated sample was higher than the
acceptance limit. This indicated that coating and concentration of CS solution played an
important role in minimizing the weight loss of berry. Hydroponic strawberry has a thin skin,
making it susceptible to rapid water loss. CS coating acts as barriers to moisture loss, so
restricting water transfer, sealing small surface-wounds, thus the dehydration could be delayed
(Bautista-Ba~nos et al., 2006). Our results are in agreement with similar finding (Zsivanovits
et al., 2018).

Total soluble solid and pH

Total soluble solid and pH of strawberry increased gradually over cold storage period for all
samples (Fig. 3).

Fig. 2. Weight loss of strawberry during storage

Progress in Agricultural Engineering Sciences 16 (2020) S2, 141–151 145

Brought to you by MTA Könyvtár és Információs Központ olvasók | Unauthenticated | Downloaded 10/04/22 04:14 PM UTC



No significant difference in total soluble solid and pH was observed between coated groups
during cold storage. Coating affected total soluble solid and pH along with storage period
compared to the control samples. The total soluble solid and pH of control fruit had higher
values than that of treated sample. The changes in pH were approximately 0.2 for coated
samples and 0.3 for control fruit. The increase in pH during storage could be due to the loss of
water and the control sample suffered the greater loss in water than the coated fruit. In addition,
the differences found in total soluble solid and pH could also relate to the stage of ripeness.

Fruit firmness

Fig. 4 presented the changes in firmness of strawberry during storage period.
The firmness of coated samples decreased slightly throughout 10 days of cold storage at 10

8C, whereas firmness of control fruit declined more strongly, particularly at the end of exper-
iment. The decline in firmness might be due to the ripening of commodity. At the end of
measurement, the control fruit had the lowest value in firmness due to advanced ripening
compared to other groups.

Fig. 3. Total soluble solid (a) and pH (b) of strawberry during storage

Fig. 4. Firmness of strawberry during storage
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Control sample was softer than coated samples at the end of experiment. It was in agreement
with previous study for strawberry (Hern�andez-Mu~noz et al., 2008). Those authors found that
control and fruit treated with CS alone had lower values in firmness than fruit coated with CS–
CaGlu. The combination of CS and CaGlu had benefit in retaining the firmness of fruit because
calcium maintains the cell wall structure in fruit (Hern�andez-Mu~noz et al., 2008). Calcium
interacts with the pectic acid in the cell walls to form cross-links between pairs of negatively
charged homogalacturonans, thus enhances the tightening of the cell wall. The effect of external
calcium is partially related to strengthening the cell wall structure due to incorporation of Ca2þ

into the middle lamella (Lara et al., 2004).

Surface color

The changes in surface color were showed in Fig. 5. The lightness, hue angle and chroma
declined during storage.

The Lp parameter showed the changes in fruit darkening. Fig. 5a showed that Lp value
declined as increasing storage time for all samples, however, the control became more darker
than other groups. The color change to red is often the sign of ripening. The hue angle value had
a strong shift to red during storage in case of control and gradual change in case of coated fruits
(Fig. 5b). The decline in chroma showed that samples had less vivid coloration during storage
(Fig. 5c). CS coating could delay the ripening of strawberry. The combination of CS and CaGlu
did not show any additional effect on postponing fruit ripening. It was in agreement with
previous report (Barikloo and Ahmadi, 2018).

Fig. 5. Surface color evolution: lightness (a), hue angle (b) and chroma (c) of strawberry during storage

Progress in Agricultural Engineering Sciences 16 (2020) S2, 141–151 147

Brought to you by MTA Könyvtár és Információs Központ olvasók | Unauthenticated | Downloaded 10/04/22 04:14 PM UTC



Correlation

Significant correlation (N 5 132, P < 0.001) was observed among color and physico-chemical
parameters (Table 1). The color parameter chroma obtained the lowest correlation values with
physico-chemical parameters (r ≤ 0.277). The brightness of fruit surface (CIE Lp) reached its
highest correlation of r 5 0.945 with firmness. The hue angle reached its highest correlation of
r 5 0.933 with pH and obtained similar high correlation with SSC (r 5 0.931) and weight loss
(r 5 0.925). The strong relationship between appearance and reference attributes supports
consumers’ choice, since they search for attractive fruit on the market. The relationship
between appearance and measured physico-chemical parameters is stronger than that of
physico-chemical parameters. The correlation between pH and SSC was r 5 0.916, while other
values including weight loss, firmness, pH, and SSC were all significant with r ≥ 0.837. The
significant correlation values and strong relationship between these reference attributes also
show the postharvest changes of fruit during storage. These observations are in agreement
with literature.

Analysis of Variances (ANOVA) test was performed to evaluate the effect of storage time,
applied coating on measured values. Besides the main effects, interaction effect of storage time
and coating was also computed (Table 2). While F values of main effects show the contribution
of single factor of storage time or coating, significant F values of interaction effect show different
kinetics of samples of different coating. The most sensitive parameter was the hue angle with its
highest significant F values (P < 0.001). The less sensitive response was observed for chroma,
probably due to its high natural variability.

Table 2. Analysis of variance F values

Parameter Storage time Coating Storage time 3 Coating

CIE Lp 78.97þþ 126.49þþ 4.89þþ

Hue 1788.05þþ 1615.43þþ 87.37þþ

Chroma 3.07þ 0.2 0.92
Weight loss 93.62þþ 129.2þþ 8.85þþ

Firmness 99.77þþ 226.43þþ 9.03þþ

pH 86.87þþ 83.98þþ 0.98þþ

SSC 193.84þþ 56.16þþ 1.17þþ

þþ P < 0.001; þ P < 0.01.

Table 1. Pearson correlation on all values (N 5 132)

Hue Chroma Weight loss Firmness pH SSC

CIE Lp �0.945þ 0.391þ �0.856þ 0.945þ �0.879þ �0.856þ

Hue 0.167 �0.925þ 0.902þ �0.933þ �0.931þ

Chroma �0.010 0.277þ �0.206 �0.250
Weight loss �0.881þ 0.854þ 0.837þ

Firmness �0.843þ �0.840þ

pH 0.916þ

þ P < 0.001.
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Analysis of variance F values

Statistical power of coating was calculated based on the ANOVA F value (response of param-
eter) according to the following equation:

E ¼ Fcoating � Ftime
1
2

�
Fcoating þ Ftime

� (1)

In the above equation (Eq. (1)), the difference of F values is normalized with their
average. As a result, positive values indicate the stronger sensitivity of parameter to coating,
while negative values indicate stronger response to storage time. Calculated statistical power
is presented in Fig. 6. Chroma was reduced throughout storage for all samples, however,
differences in chroma between coated and control samples only became significant at the
end of storage period. The changes of chroma in strawberry were greatly influenced by
storage time. There was no difference among variously coated samples. Also, for total soluble
solid content, no significant difference was found between coated fruit over the storage
period. The total soluble solid content increased with storage time for all samples. The
differences found in total soluble solid of strawberries could be due to natural variability of
ripening stage.

According to the statistical power, application of coating can significantly slow down
postharvest changes in CIE L*, weight loss, and firmness.

CONCLUSION

The study presented the effect of edible coating on postharvest life of hydroponic strawberry.
The result of this work indicated that coating hydroponic strawberry with CS or CS-CaGlu could
reduce weight loss, softening, and surface color change during storage. In addition, postharvest
decay of coated fruit also decreased, compared to the control. The concentration of CS solution
also affected the strawberry quality over the storage period. The combination of CS and CaGlu
has potential in maintaining the quality of commodity throughout storage.

Fig. 6. Statistical power of coating and storage time on measured parameters
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